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Introduction Limiting the losses at harvesting, storage and feed out period have a positive 
effect on dry matter (DM) production, nutritional value and intake of grass silage. A higher 
feeding value results in a higher intake by dairy cows and in a reduction of methane 
production per kg milk (Tamminga et al., 2007). A higher DM production and nutritional value 
reduce feed purchases which has a positive effect on farm economics and energy-related 
CO2 emissions. The objective of this study was to evaluate the effect of grass silage 
management on greenhouse gas (GHG) emissions and farm economics under Dutch 
conditions. 
 
Material and methods A survey was made on DM and Net Energy for lactation (NEL) losses 
during harvesting, conservation, storage and feed out period of grass silage. Together with a 
whole farm dairy model (Dairy Wise) (Schils et al., 2007) the results of the survey were used 
to calculate the effects of extra losses of grass silage due to aerobic deterioration and poor 
fermentation on GHG emissions and farm economics. A case study was performed for a farm 
with 100 dairy cows, 43 ha of grassland and 11 ha of silage maize land. 
 
Results and discussion Field losses varied from 5.3 to 18.8% DM, conservation and storage 
losses from 4.2 to 14.4% DM and total feed out losses from 3.0 to 13.5% DM (Table 1). 
During each stage for losses besides DM losses also decrease in nutritive value can occur 
which results in higher total losses of NEL than of DM. Based on information of silage 
analyses in practice it was hypothesized that under common practical conditions, there is a 
considerable risk of suboptimal utilization of energy and nutrients from grass silage due to 
aerobic deterioration and moderate conservation. In a relative dry year grass is often ensiled 
at a DM content higher than 50% which involves a considerable risk for losses due to aerobic 
deterioration, while in a relative wet year grass is often ensiled at a suboptimal DM content 
which increases the risk for decreased fermentation quality. Therefore the effects of extra 
losses due to aerobic deterioration and moderate conservation where calculated under 
conditions of a dry and wet year, respectively. In a dry year the extra losses due to aerobic 
deterioration of grass silage (6,5% DM and 8.8% NEL) causes also extra feed out losses (4% 
DM) and a lower intake (8% DM) (Table 2). The GHG emissions were 1.3% higher than in a 
situation with no extra losses. This was mainly caused by CO2 emissions related to a higher 
purchase of roughage and concentrates. Net return to labour and management decreased  
almost by € 4,000. In a wet year with moderately preserved grass silage, GHG emissions 
were 1.4% higher than in a normal year with well-preserved grass silage (Best practice). This 
increase was mainly caused by CO2 emissions related to a higher purchase of concentrates. 
The net return to labour and management was almost € 3,200 lower in this scenario. By using 
an adequate silage additive, GHG emissions were 1.0% higher than in a normal year and net 
return to labour and management was still € 2,300 lower than the benchmark. 
Although the results are not shown in table 2, protein losses have also been taken into 
account in the calculations of GHG emissions and farm economics. 
 
Conclusions It was concluded that aerobic deterioration and decreased fermentation quality 
of grass silage increase GHG emissions to a limited extent and furthermore have a 
considerable negative effect on net return to labour and management. 
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Table 1. Typical losses of DM and NEL during the conservation of grass as silage. 
    
DM-
losses 
(%) 
NEL 
decrease 
(%) 
NEL 
losses 
(%) 
Risk of 
extra 
losses1 
Field losses Mowing  1.2 – 2.0 - 1.2 – 2.0 I 
 Tedding 2.4 – 6.4 - 2.4 – 6.4 II 
 Rowing and loading 1.7 - 3,4 - 1.7 - 3.4 I 
 
Respiration and 
leaching 0.0 - 7.0 0.0 - 3.0 0.0 - 9.8 II 
Total  5.3 - 18.8 0.0 - 3.0  5.3 - 21.6  
Conservation 
and  Conservation 3.0 - 10.0 2.0 - 8.0 4.9 - 17.2 III 
storage losses Effluent 0.0 - 2.0 0.0 - 1.0 0.0 - 3.0 II 
 Storage 1.2 - 2.4 1.2 - 2.4 2.4 - 4.7 III 
Total  4.2 - 14.4 3.2 - 11.4 7.3 - 24.9  
Feed out losses Removal, residues 3.0 - 7.0 - 3.0 - 7.0 IIII 
 aerobic deterioration 0.0 - 6.5 0.0 - 2.5 0.0 - 8.8 IIII 
Total 
  
3.0 - 13.5 0.0 - 2.5 3.0 - 15.8   
1
 I = low risk  IIII = high risk  
 
 
Table 2. Greenhouse gas emissions and economics on farm level under conditions of good 
management, a relative dry year and a relative wet year. 
  Best Dry year   Wet year 
  
practice No 
AD1 With AD1   
Good 
conservation 
Moderate 
conservation 
Grass silage 
     
  
Cutting yield (kg DM/cut) 3,309 3,149 3,098  3,445 3,461 
DM content (%) 40 40 50  30 30 
NH3-fraction (NH3-N of total N,%) 8 8 6  10 13 
NEL (MJ/kg DM) 6.20 +0.04 -0.13  -0.08 -0.17 
Feed purchase 
     
  
Silage maize (kg DM) 16,745 +4,665 +12,230  -11,777 -39 
Concentrates (kg) 224,636 +717 +16,704  +13,032 +17,364 
Harvest, storage and feeding 
     
  
Field losses-DM (%) 5.51 +0.18 +0.21  -0.06 +1.11 
Conservation losses- DM (%) 3.06 0 -0.51  +2.06 +4.63 
                                 - NEL (%) 7.07 0 -0.79  +3.2 +7.1 
Aerobic deterioration losses- DM (%) 0 0 +6.5  0 0 
                                             - NEL (%) 0 0 +8.8  0 0 
Feed out losses- DM (%) 3 0 +4  0 2 
Relative intake (%) 100 +1 -8  -5 -6 
Greenhouse gas emissions (kg/kg milk) 
   
  
Energy related CO2 0.287 +0.002 +0.016  +0.002 +0.009 
Nitrous oxide in CO2 equivalents 0.193 +0.001 +0.001  +0.004 +0.005 
Methane in CO2 equivalents 0.516 -0.001 -0.002  +0.003 +0.000 
Total CO2 equivalents 0.996 +0.002 +0.015  +0.009 +0.014 
Economics (€/farm) 
     
  
Feed costs – Roughage 2,138 +428 +1,123  -1,082 -4 
                  - Concentrates 37,275 +90 +2,189  +2,545 +3,197 
Silage additive 0 0 0  +1,465 0 
      
  
Net return to labour and management 8,906 -1,008 -4,785   -2,302 -3,172 
1AD=Aerobic deterioration 
